For newly born babies, especially those in need of intervention at birth, actions taken during the first minute after birth, the so-called "Golden Minute", can have important implications for long-term outcomes. Both delivery room handling, including identification of maternal and infant risk factors and provision of effective resuscitation interventions, and antenatal care decisions regarding antenatal steroid administration and mode of delivery, are important and can affect outcomes. Anticipating risk factors for neonates at high risk of requiring resuscitation can decrease time to resuscitation and improve the prognosis. Following a review of maternal and fetal risk factors affecting newborn resuscitation, we summarize the current recommendations for delivery room handling of the newborn. This includes recommendations and rationale for the use of delayed cord clamping and cord milking, heart rate assessment [including the use of electrocardiogram (ECG) electrodes in the delivery room], role of suctioning in newborn resuscitation, and the impact of various ventilatory modes. Oxygenation should be monitored by pulse oximetry. Effects of oxygen and surfactant on subsequent pulmonary outcomes, and recommendations for provisions of appropriate thermoregulatory support are discussed. Regular teaching of delivery room handling should be mandatory.
Introduction
Delivery room handling of the newborn covers all procedures carried out on the newborn immediately following birth, including heart rate assessment, suctioning, ventilation/sustained inflation, provision of positive end-expiratory pressure (PEEP), cord clamping, oxygen supplementation and heat loss prevention. This critical time period was first called "the golden minutes" by Vento et al. in 2009 [1] . The following year, the International Liaison Committee on Resuscitation (ILCOR) emphasized the importance of the first minute of life using the term the Golden Minute [2] . Unfortunately, ILCOR did not define when the "Golden Minute" starts, and there has been a wide variation in practice as to when the clock should be started. Therefore, we have previously emphasized the importance of a common definition with international agreement about when the Golden Minute begins [3] . A baby is born when the whole body is out, and that is when the clock is started and the Golden Minute begins.
During the first 30 s, the baby should be dried and kept warm. For babies <28 weeks of gestational age (GA), this includes being wrapped in plastic without drying, and placement under a radiant warmer. Neonates should be stimulated to breathe by rubbing the chest or the spine preferably in a caudocranial direction, which may lead to extension of the spine contributing to opening of the lungs. The infant should also be positioned correctly to open the airway, and the heart rate and breathing rate should have been recorded within this timeframe. In the next 30 s, respiratory support should be established if needed and, if available, a pulse oximetry probe should be placed. While these recommendations are important to optimize newborn outcomes, it might be unrealistic to reach all these goals in such a short period of time. A recent study found that the median time to start auscultation of the heart is 62 s (interquartile range 40-79 s) and the first heart rate is available after 70 s . Similarly, premature babies were placed in a plastic bag at 62 s while pulse oximetry data were obtained at 78 s (64-95) [4] .
Maternal and fetal factors affecting delivery room handling
Although the intrauterine to extrauterine transition is complex, the majority of newborn infants do not require resuscitation at birth [5] [6] [7] . According to ILCOR, 85% of babies born at term initiate spontaneous respirations within 10-30 s, 10% respond to drying and stimulation, 3% initiate respirations after positive pressure ventilation, 2% will be intubated to support respiratory function, and only 0.1% will require chest compressions and/ or epinephrine [8] . The need for bag and mask ventilation varies but typically is about 3-5% of all newborns in European countries and probably higher in low-income areas [9, 10] . The need for resuscitation is higher in premature infants and is highly dependent on the degree of immaturity. European data from the e-newborn database show that more than 90% of infants <29 weeks need resuscitation in the delivery room with a peak of 97% at 25 weeks of GA and decreasing to 56% for infants at 32 weeks of GA [11] . In those cases when resuscitation is needed, the presence of medical staff trained in neonatal stabilization is required. The ability to anticipate or predict the need for advanced resuscitation is useful in order to provide appropriate care to the patients who need it and to conserve expensive resources for those who do not [5] . An early prospective, self-reported audit by Mitchell et al. evaluated the frequency of resuscitative interventions within clinical settings across Canada and found that 76% of resuscitations were not anticipated [7] . Historically, it was believed that the need for newborn resuscitation could not be predicted, but this view has been challenged by various studies that have identified antenatal and intra-partum risk factors associated with a higher need for resuscitation [12, 13] . For example, chorioamnionitis, preeclampsia, multiple gestation, maternal body mass index (BMI) before or at the beginning of pregnancy and certain maternal diseases are important risk factors that affect neonatal outcome [5, 14] . Several additional risk factors have been described by Mitchell et al. and Almudeer et al. (Tables 1 and 2 , respectively) [7, 15] . Antenatal management decisions can also have significant impact on neonatal outcomes. For example, the use of antenatal steroids for babies less than 34 weeks of gestation reduces morbidity and mortality, while C-section increases morbidity compared to vaginal delivery all the way up to term gestation [16] . We have recently demonstrated in a population-based study that high placental weight (4 th quartile vs. 2 nd and 3 rd quartile combined) increased the risk of neonatal death for infants born in gestational weeks 29-36 [17] . Finally, gender and fetal weight are also important considerations.
Cord clamping
In healthy term infants 2/3 of the fetoplacental blood volume is in the infant and 1/3 in the placenta/umbilical cord at birth [18] . Approximately 70-80% of this volume is transfused to the infant in the first minute, while prolonging cord clamping beyond that provides a relatively modest volume gain with another 15-20% of fetoplacental volume transfused after one additional minute [19] . Delayed cord clamping is now widely recommended in uncomplicated deliveries with benefits that include increased iron stores and reduction in the risk of iron deficiency anemia in infants [20] . Some studies have demonstrated an increased need for phototherapy [19, 20] although this was not found in a recent study from Nepal [21] . However, the definition of "delayed clamping" varies between 30 and 60 s and might explain conflicting results on the need for phototherapy.
A randomized study from Australia -the Australian Placental Transfusion Study (APTS) -found that for premature infants <30 weeks of GA, delayed cord clamping of 60 s compared to 10 s reduced mortality by 30% [22] . This finding was confirmed in a large meta-analysis and systematic review in infants <37 weeks of GA [23] . However, these studies in premature infants did not find any reduction in intraventricular hemorrhage (IVH) following delayed cord clamping in contrast to data from a previous Cochrane review [24] . Cord milking has been found to have equivalent efficacy to delayed cord clamping. In this procedure, the cord is grasped and the cord blood repeatedly pushed in the direction of the baby, for instance 3 times at a speed of 10 cm/s [25] . Katheria et al. found that cord milking compared to delayed cord clamping increased cognitive and language scores in infants at 23-31 weeks of gestation [26] . However, recent data from the same authors indicate a four-fold increased risk of IVH in the most premature babies following this procedure [27] .
Experimental data as well as older clinical data seem to demonstrate that so-called physiologic cord clamping is associated with a better outcome. In this procedure, the cord is not clamped until the child has taken his or her first breath, leading to a more stable hemodynamic state [28, 29] . If cord clamping occurs after ventilation is initiated, the traditionally observed increase in carotid artery pressure and cerebral blood flow is greatly mitigated, while pulmonary blood flow is increased, leading to improved hemodynamic stability [28, 30] .
A study from Nepal in newborn infants between 34 and 41 weeks of GA showed that in infants not in need of ventilation at birth, the oxygen saturation was 18% higher at 1 min, 13% higher at 5 min and 10% higher at 10 min in babies who had cord clamping delayed by 180 s compared to the early clamping group. The heart rate was 9 and 3 beats lower at 1 and 5 min, respectively, in the delayed group compared to the early group. Time to first breath and regular breathing was established earlier in babies who had cord clamping at 180 s or more [31] . A study by Katheria et al. demonstrated the feasibility of resuscitation with an intact cord; however, the benefits of this procedure remain to be proven [32] . In babies who required resuscitation at birth, a significantly higher oxygen saturation (SpO 2 ) (90.4% vs. 85.4%) was demonstrated 10 min after birth in the intact cord group compared to the early cord clamping group. The heart rate was lower in the intact cord group at 1 and 5 min and slightly higher at 10 min (all significant findings). Apgar scores were higher at 1, 5 and 10 min [33] . Special trollies are now available to be put beside the mother's bed enabling resuscitation with an intact cord [34] .
Finally, a study from Vain et al. indicates that the position of the baby in relation to the placenta has no or minimal effect on the volume of blood transfused from the placenta to the neonate after vaginal deliveries. This means the newborn can be quickly and safely placed on the mother's abdomen to provide skin contact even with an intact cord [35] . More studies on this topic are needed [36] . 
Heart rate assessment
In both term and preterm delivery, heart rate is the most important clinical parameter in the assessment of the infant immediately after birth. The infant's pulse rate identifies those in need of resuscitation and indicates their response to treatment efforts [8] . A recent observational study by Kapadia et al. in preterm infants <32 weeks of GA showed that neonates who did not reach a heart rate of 100 bpm by 5 min of life were at an increased risk of death. In addition, the association between the duration of bradycardia at birth and mortality was almost linear with 5% mortality if bradycardia occurred at 1 min vs. 20% if it lasted the first 5 min of life [37] . There has been considerable discussion concerning which method should be used to best evaluate heart rate. Auscultation and umbilical palpation are methods of heart rate assessment that are inexpensive, independent of technology and easy to perform. Auscultation offers the added advantage of assessing both heart rate and ventilation with one measure. However, in the setting of newborn resuscitation, both auscultation and umbilical palpation have been shown to be inaccurate and liable to disturbance, reporting a lower heart rate compared to electrocardiogram (ECG) [38] . Pulse oximetry has the advantage of measuring saturation and pulse rate both simultaneously and continuously; however, it is sensitive to poor tissue perfusion and may underestimate the heart rate in the first minutes of life [39] .
ECG monitoring in the delivery room is achievable in both preterm and term infants, and displays heart rate earlier and more accurately than pulse oximetry [40] [41] [42] [43] . At present, ECG electrodes are not universally available in delivery rooms, and there may be limitations to the use of ECG in extremely preterm infants due to the fragility of their skin. Recent updates in international resuscitation guidelines emphasize that although the use of 3-lead ECG may be useful for rapid and accurate heart rate measurement, pulse oximetry is still necessary in order to evaluate oxygenation and titrate oxygen supplementation [8] .
New ECG devices have been developed that allow rapid placement of ECG sensors over the abdomen. The device gives the first signal after 6 s; however, 38% of the signals were invalid [44] . Various other new technologies for heart rate measurement employing digital technology such as phonocardiography and wireless or wearable sensors have also been proposed, yet so far translation into routine clinical use has not occurred [38] . Until more evidence is available, we suggest that auscultation is still the gold standard for heart rate assessment at birth [45] .
Suctioning
According to ILCOR 2010, routine intrapartum oropharyngeal and nasopharyngeal suctioning for infants born with clear or meconium-stained amniotic fluid is no longer recommended [2] . In fact, it has been demonstrated that routine oropharyngeal suctioning of term infants born vaginally significantly reduces oxygen saturation for the first 6 min after birth [46] . Suctioning may activate the vagus nerve and induce bradycardia and apnea. It may also inflict pain and cause lesions in the mucosa, increasing risk of infections. Routine suctioning is therefore not recommended. Wiping the face, nose and mouth with a towel in most cases is sufficient, provided there is no airway obstruction [47] . If suctioning is required based on clinical assessment, always suction the mouth before the nose (m before n) to reduce the risk of aspiration. The Neonatal Resuscitation Program (NRP) guidelines recommend clearing the airway with a bulb syringe or a suction catheter if airway obstruction is evident or positive ventilation is required [13] . If suctioning is required and done mechanically, the negative pressure should be limited to 100 mm Hg [13] . In addition, suctioning the stomach is not needed routinely after C-section despite previous widespread practice. This practice opens the esophagus leading to more air leaks into the stomach when positive pressure ventilation with bag and mask is needed.
Stimulation
Neonatal resuscitation guidelines universally state that tactile stimulation should be the initial step to help establish a regular breathing pattern in term and preterm babies after birth [8, 48] . However, the concept of stimulation is poorly defined, and there is very little data to guide clinicians with respect to how this intervention is best performed. Rigorous evaluations of its effectiveness are also lacking but it has been speculated that in a low-resource setting, stimulation alone may reduce perinatal mortality by 10% [49] .
Preterm babies are reported to receive tactile stimulation less frequently than term babies; however, clinical practice varies widely between centers, particularly in terms of how stimulation is provided [50, 51] . Factors potentially influencing the use of tactile stimulation in preterm stabilization include focus on early respiratory support, the recommendation to place babies within polyethylene bags without drying and the concern for the fragility of more immature babies' skin. A small, recently published randomized study compared repetitive stimulation of the soles of the feet of preterm babies (GA 27-32 weeks) with standard care (tactile stimulation at the discretion of the physician). Compared to standard care, babies receiving repetitive stimulation had a non-significant increase in respiratory minute volume after birth, and significantly better oxygenation at a lower FiO 2 at the time of transfer to the neonatal intensive care unit (NICU) [52] . Further studies are needed to elucidate the potential benefit of tactile stimulation on preterm ventilation after birth.
Ventilation practices within delivery room resuscitation
Approximately 3-5% of newborns require assisted ventilation at the time of birth and can become severely depressed unless effective ventilation is provided rapidly [53] . Ventilation can be adequately provided through several modes of delivery. Various studies in preterm neonates have identified early continuous positive airway pressure (CPAP) use in the immediate postnatal period as beneficial in decreasing the need for and/or the duration of mechanical ventilation and the need for surfactant without evidence of worsening bronchopulmonary dysplasia (BPD) [54] [55] [56] [57] . In a Cochrane review meta-analysis, prophylactic CPAP was compared with supportive care (defined as oxygen therapy delivered by head box or standard nasal cannula) or mechanical ventilation. When comparing prophylactic CPAP with mechanical ventilation, there was moderate evidence to suggest a statistically significant and clinically important reduction in BPD development. Prophylactic CPAP was also shown to decrease the need for mechanical ventilation and the need for surfactant [56] . More recent studies have also shown that early CPAP in the delivery room decreases the need for intubation and is associated with fewer days on mechanical ventilation, fewer surfactant doses, fewer resuscitations and lower oxygen needs [54, 57] . The European Resuscitation Guidelines reiterate that the ideal CPAP level is unknown but that the majority of studies use levels between 6 cm and 9 cm H 2 O [48] . The textbook of neonatal resuscitation recommends using a CPAP level of 5-6 cm H 2 O initially [13] .
Additional studies evaluated the effectiveness of sustained lung inflation with CPAP vs. intermittent lung inflation with bag mask ventilation in the immediate post-natal period with mixed results. While one study found that sustained lung inflation is more effective for improvement of short-term respiratory outcomes [58] , a meta-analysis of eight separate trials demonstrated that sustained lung inflation in preterm infants was not superior to intermittent ventilation for reducing mortality in the delivery room or during hospitalization, although it was associated with a decrease in the duration of mechanical ventilation [59] . At this time, sustained lung inflation should only be attempted in clinical trials as further studies are needed to determine its safety profile [48] .
An additional Cochrane review comparing neonatal resuscitation using laryngeal mask airway (LMA) vs. bag mask ventilation and endotracheal intubation identified LMA as effective in obtaining adequate ventilation within the time frame consistent with current resuscitation guidelines in infants greater than 34 weeks of GA or birth weight ≥1500 g. LMA was associated with a reduced need for endotracheal intubation over bag mask ventilation. Newborns resuscitated with LMA were less likely to require admission to the NICU. There is lack of evidence to support the use of LMA in more premature infants [53] .
Additionally, there are multiple interfaces available for use when non-invasive respiratory support is required during stabilization. When providing CPAP, the T-piece resuscitator is superior to the self-inflating bag because it allows for measurement of PEEP delivery. Oxygen delivery (heated and humidified) can be provided by both highflow nasal cannula (HFNC) and CPAP, but HFNC has been associated with higher rates of respiratory failure requiring escalation in support to CPAP to avoid intubation [48] . A recent Cochrane meta-analysis reviewed HFNC vs. CPAP as well as HFNC vs. non-invasive positive pressure ventilation (NIPPV) as primary support after birth. There was no difference in treatment failure in the HFNC vs. CPAP group, but the studies included had small numbers of infants and no extremely preterm infants (<28 weeks). In the second analysis of HFNC vs. NIPPV, infants receiving HFNC remained on non-invasive support for a longer time period [60] .
Oxygenation in the delivery room
Resuscitation of term and late preterm infants with room air compared to 100% oxygen reduces mortality [61, 62] . In 2010, ILCOR recommended that term or near-term infants in need of artificial ventilation in the delivery room should be given room air instead of 100% O 2 [2] . These recommendations were confirmed in 2015 [8] . For premature infants, the question is more challenging. Recent metaanalyses have shown that for infants with GA between 28 and 31 weeks, an initial FiO 2 of 21-30% is appropriate. For infants <28 weeks, supplementing oxygen (for instance 30%) is recommended [63] [64] [65] . The Torpido trial showed increased mortality for premature babies <28 weeks of GA resuscitated with room air compared to 100% O 2 [66] . For all infants, FiO 2 should be titrated based on their SpO 2 . However, the optimal development of SpO 2 in the first few minutes of life is not known. Very recent data have shown that babies <32 weeks of GA who do not reach an SpO 2 of 80% within 5 min of life have an increased risk of death and severe IVH, with significantly reduced cognitive and motor scores at 2 years of age [67] . Although it is presently not known what that cause and effect relationship is, it is recommended that an SpO 2 of 80% be reached within 5 min of birth [65] .
Surfactant in delivery room
There are several considerations regarding surfactant therapy, including optimal timing and mode of delivery as well as the best surfactant preparation. Today, in the era of antenatal steroids, it has been established that prophylactic intubation and surfactant instillation for all babies increases the risk of BPD [68] . A Cochrane review summarized evidence for early rescue therapy vs. the INSURE (intubation surfactant extubation) technique [69] . There was no difference in mortality between the two methods. However, the need for ventilation and the development of air leaks and BPD at 28 days were significantly reduced by the INSURE method. In addition, the need for surfactant was decreased.
Recently, surfactant has been introduced by new techniques such as the less-invasive surfactant application (LISA) or the minimal surfactant therapy (MIST) [70] [71] [72] . A meta-analysis summarizing five studies showed that LISA is superior to intubation or INSURE at reducing the need for ventilation and decreasing rates of BPD. Death and/or BPD at 36 weeks was also reduced by 25% [73] . If surfactant is required, earlier application will likely result in better outcomes. The recently updated European guidelines state that natural surfactants are broadly equivalent and should be used [48] ; however, promising clinical data using synthetic surfactant with surfactant protein B and C analogs have been recently published [74, 75] . Hopefully, such compounds will replace natural surfactants, resulting in reduced cost and decreased need for animalderived products.
Thermal control
The aim of thermal control in the delivery room should be to maintain a rectal temperature between 36.5 and 37.5°C [76] . All newborns, but particularly preterm babies, are vulnerable to hypothermia after birth [77] . Low admission temperature is a predictor of poor outcome across all GAs, yet it is not known whether hypothermia is causally related to patient outcomes or simply a marker of disease severity [8] . In asphyxiated infants, avoiding hyperthermia is of particular concern, as elevated temperatures have been shown to be associated with increased risk of death or disability in these babies [78] .
Various strategies exist to prevent hypothermia in newborns, and these are frequently used in combination, making the specific contribution of each element difficult to ascertain. Standard measures to prevent heat loss typically include drying and wrapping the baby in pre-warmed towels, and, if available, the placement of the infant under a radiant warmer [79] . While ensuring an adequate ambient temperature in the delivery room is recommended by international guidelines, it may be difficult to achieve in practice [8, 80] . In babies delivered by cesarean section, increasing the temperature in the operating room from 20 to 23°C has been shown to significantly reduce the proportion of hypothermic infants after birth [81] .
Adequate thermal control in preterm and low-birthweight infants requires additional interventions, particularly in the most premature infants. The benefit of using occlusive plastic wrapping or bags in conserving heat loss by evaporation has been demonstrated in a number of studies, yet there is insufficient evidence to support an impact on long-term outcomes [79] . Skin-to-skin contact between mother and child immediately after birth has been shown to reduce the risk of hypothermia compared to using conventional incubators, and may have the added benefit of increased physiological stability for the child [82] . Other authors have demonstrated that skin-to-skin can be safely used even in extremely preterm infants, and more studies of kangaroo mother care in the delivery room setting are currently underway [83, 84] . Reducing heat loss through the respiratory system may be another important strategy in improving thermal control in preterm babies. A recent meta-analysis showed that initiating respiratory support in preterm infants with heated, humidified gas instead of cold dry gas significantly decreases the proportion of hypothermic infants upon admission [85] .
Discussion
Optimal delivery room handling is of great importance for neonatal outcomes. Figure 1 summarizes some of the factors that may be particularly significant. The handling of the baby during the first few minutes of life in the delivery room may have consequences for the newborn and the family potentially affecting them the rest of their lives. An evidence-based approach therefore is of utmost importance. Since the first oxygen trials were carried out in the delivery room more than 25 years ago [86, 87] , a number of other issues related to newborn care at the time of birth have been studied in detail. In fact, delivery room handling research has exploded in recent decades [88] , and almost all issues summarized in this article have recently been assessed by randomized studies.
The recently updated European guidelines [48] for delivery room management of preterm infants at risk for respiratory distress syndrome emphasize many of the points discussed earlier. This includes delayed cord clamping for at least 60 s, utilizing a blender to control the fraction of inspired oxygen with initial use of 30% FiO 2 for babies <28 weeks' gestation, and 21-30% for those at 28-31 weeks with adjustments guided by pulse oximetry. In spontaneously breathing babies, stabilization with CPAP of 6-9 cm H 2 O via mask or nasal prongs is emphasized without the use of sustained inflation. Intubation should be reserved for babies who do not respond to positive pressure ventilation via face mask. Indications for administration of surfactant therapy have changed since the turn of the millennium. Thermal control is emphasized with recommendations to apply plastic bags or occlusive wrapping under a radiant warmer during stabilization in the delivery suite for babies <28 weeks' gestation to reduce the risk of hypothermia. The importance of checklists for the resuscitation procedure, teaching and monitoring of response to resuscitation should be emphasized as well.
And finally, while clinical guidelines provide some clarity on appropriate delivery room interventions for term and preterm infants, future research needs to focus on areas where we still lack adequate knowledge to guide resuscitation decisions. This includes intact cord resuscitation, synthetic surfactant use, development of new devices to assist in delivery room management, and further defining goal oxygenation targets and their timing for preterm neonates, to name a few. 
